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Cross-face Nerve Transplantation in Facial Palsy
In facial palsy a true reanimation of the face can only be achieved t y reconstruction of the facial nerve by means of a nerve suture or, in the case of a nerve defect, through nerve transplantation.
Nevertheless there are cases where all methods of reconstruction of the damaged nerve are impracticable, or where the results of such operations are poor. Many of the static and dynamic substitute operations can lead to a quite acceptable functional result, but no normal mimic movement can be obtained. Hypoglossal anastomosis, which is still recommended, can activate the paralysed muscles and even restore facial symmetry, but almost always with grimacing and loss of function in the severed nerve. Free muscle transplantation, a most effective and interesting method for treatment in facial palsy, described by Thompson (1974 ), Freilinger (1975 and others, is especially indicated after complete muscle degeneration.
One can sacrifice several branches of the facial nerve without loss of function, due to the prolific nerve supply of the facial muscles. This is proved after facial injuries, with subsequent good nerve recovery, and further in facial twitches or spasm, when multiple nerves can be severed without eliminating the functional disturbance.
These facts and the very encouraging experience with microsurgeryespecially the techniques described by Millesi (1968) and Millesi et al. (1971) - led to the conception of reinnervating the paralysed face from the healthy side via a nerve graft across the face and anastomoses with the facial nerve of each side (Fig 1) . Independently from Smith (1971) and Scaramella (1971) , who first described the possibility of facio-facial anastomoses, we considered in our method the specific groupings of nerve and muscles as an important factor in reconstruction (Anderl 1972 (Anderl , 1973 (Anderl , 1975 . The first report about this experience was given at the annual meeting of the Swiss Society for Plastic and Reconstructive Surgery 1972.
There are four functional groups of muscles, which are supplied by four different facial nerve branches: the temporal, the orbital, the buccal and the mandibular. Our procedure involves building up connexions between these specific nerve branches of both sides of the face via several nerve transplants (the temporal branch is omitted because of the poor results).
The operation is done in two stages. In the first, the sural nerve grafts are positioned across the face, and anastomoses are made with selected branches of the facial nerve on the non-paralysed side. Four to 6 months later, when the axons have grown through the nerve grafts, anastomoses are performed on the paralysed side of the face with the corresponding main branches of the VII nerve.
Technique
On the normal side, incisions are made over the peripheral distribution of the different facial rami. After lifting the skin and subcutaneous tissue from the peripheral plexus on the zygomaticus muscle, three or four nerve branches are selected under the microscope, using a magnification of about xlOto xlS.
Appropriate selection of nerves is achieved by use of a nerve stimulator, and blockade of those branches which are going to be severed with a Six or eight branches are selected from the buccal division, and occasionally 2-3 branches from the mandibular division in the same manner.
When the branches on the normal side have been selected, the sural nerve transplants are taken from both legs; nerve grafts up to 60 cm long can be obtained.
The passage of the nerve transplants across the face, after tunnelling with a blunt probe, is facilitated by making 1 cm incisions in the midline. For orbicularis oculi function, a 15-17 cm graft is passed through the frontalis muscle, and superior border of the orbicularis muscle, in the same anatomic direction that the sural nerve takes in the leg, that is with the distal end of the sural nerve on the paralysed side of the face.
For the lip and cheek musculature, two sural nerve transplants, 13-15 cm long, are passed through the upper lip. For the lower lip, a 6-8 cm transplant is implanted in the muscles of the chin.
On the paralysed side of the face, all ends of the transplants are positioned far back, near the posterior border of the parotid gland, above and below the anatomic location of the facial nerve branches. This avoids dissection of the facial nerve and the production of scars which could make their identification in the second stage more difficult. The ends are marked with coloured threads which are led out of the skin, and cut near the surface.
In performing the nerve anastomoses, Millesi's technique is followed (Millesi 1968 , Millesi et al. 1971 . The fascicles of the sural nerve grafts are separated from each other for a distance of 1-2 cm. Each is brought into contact with the end of a previously selected facial nerve branch, to lie in a small loop, without tension. Sutures are not therefore required.
In the second stage, 4-6 months later, the nerve transplants are anastomosed with the corresponding main branches of the facial nerve supplying the zygomaticus muscles, the buccinator, andif a transplant is providedthe orbicularis oris. Through an incision over the zygomatic arch, anterior to the parotid gland in the cheek, and over the mandible, all the main branches of the paralysed facial nerve can be identified easily. They are severed, 1 cm within the parotid gland, and the distal ends turned back in the direction of the ends of the corresponding nerve grafts, which can be found with the help of the marking threads.
The thickening of the end, representing an amputation neuroma, and demonstrating the success of axon growth along the transplants, must be excised. After the ends of the sural grafts S, sural nerve grafts transmitting nerve impulsesfrom the opposite normalfacial nerve. Sl,frontalisfascicles. S2, zygomaticfascicles. 3, masseter muscle and the transposed anteriorpart. 4, temporalis muscle and anteriorpart transposed into the orbicularis oculi muscles. 5, anastomoses with that part ofthe Vnerve which leads to the transposed muscle and which was previously severed have been split into their individual fascicles, they are placed in precise opposition to the previously prepared facial nerve branches as before.
In some cases, e.g. in children or in the presence of excessive scarring, anastomoses on the paralysed side may be impossible. In these casesmainly in the orbital regiondirect implantation of the nerve into the muscle can also lead to some reinnervation.
We consider physiotherapy an important part of this procedure. Treatment with electric stimulation should start at the onset of the paralysis and should be continued until reinnervation is complete.
The clinical result is verified by electromyography. Initially, direct stimulation of the original paralysed facial nerve trunk with high intensity current will give no response. Subsequently, on stimulating the facial nerve stem on the normal side, a good response from the formerly paralysed muscles can be detected, once these muscles are reinnervated.
The method of cross-face nerve transplantation, just described, is indicated in all those cases of paralysis where the muscles are still capable of regeneration. Thus operation should not be delayed more than 1 I or 2 years from the onset of the palsy. Investigation with EMG will demonstrate the state of the muscles, and the presence of fibrillation.
Since 1971 we have treated 15 patients with our method of cross-face nerve transplantation. The result was satisfying in those patients (more than 50 %) where the preoperative conditions were favourable.
In cases where the muscles are atrophied, the principle of cross-face nerve transplantation can also be applied in association with a free muscle graft, by direct implantation, or by performing an anastomosis with the nerve supplying the muscle as Freilinger (1975) and Thompson (1974) have already shown. However, in our opinion, it may be better to use a muscle which is already available, such as the temporalis or masseter, because free muscle transplants will lose many of their fibres. The cross-face nerve transplant may be directly sutured to that part of the V nerve which supplies the transposed half of the masseter muscle (Fig 2) . (This idea originates from a discussion with Dr Lalardrie from Paris.)
We have also used temporary static and dynamic methods for enabling the patient to close his eyes. A lidspring in the upper lid (Morel-Fatio & Lalardrie 1964) or more recently lid magnets (Muhlbauer 1973) and a Silastic membrane (Anderl 1972) to support the lower lid were inserted in all patients and could be removed after reinnervation.
